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Abstract 
 
As a consortium of libraries from public and private institutions across the state of Texas, the 
Texas Digital Library (TDL) exists to promote the scholarly activities of its members. One of its 
earliest initiatives was a federated collection of ETDs from across the state. There are currently 
16 participating schools in TDL, four of which are contributing over 4000 ETDs per year, and 
membership and contributions are growing. A diverse set of content contributors introduces 
the problems of inconsistent metadata and incompatible storage and access methods, making it 
difficult to offer effective tools and services. This influenced the decision to create a state-wide 
system for managing the entire life-cycle of ETDs, from the point of ingestion to final 
publication; pooling resources to address this common problem was appealing for both 
technical and economic reasons. 
 
In 2007, we reported on the status of the functional system prototype. This paper reports on the 
results of the demonstrator event that is taking place in spring 2008 at Texas A&M University 
and the University of Texas, and discusses the requirements for moving to a production 
environment. These include testing and scaling the system to handle the large numbers of users 
dispersed over a significant geographic area (Texas is the third-largest producer of PhDs in the 
US). Our intention is to embrace international standards for ETD metadata and policies as they 
continue to evolve through community efforts, such as the NDLTD union catalog of ETDs. 
 
Finally, we will examine the status of the project’s release as an add-on component to a DSpace 
repository through the Manakin interface framework under an open source license. A primary 
design goal of this project is to create a product that satisfies TDL’s requirements and provides 
a turnkey implementation for ETD management and publication that can be scaled for the 
broader academic community.
  
Introduction 
 
The Texas Digital Library (TDL) is a consortium of public and private institutions from 
across the state of Texas.  Founded in 2005, TDL exists to provide a common digital 
infrastructure for the state, and to promote the scholarly activities of its member 
schools.  Texas universities have significant intellectual capital that is frequently 
inaccessible to users at sister institutions across the state. TDL seeks to address this 
challenge; its charge is to serve as a “center for excellence for the creation, curation, 
and preservation of digital scholarly information for the State” (Leggett 2006).  
 
TDL currently offers a suite of services to its members, each of which play a role in 
creating an online scholarly community for the state. These services—scholarly blog 
hosting, wiki infrastructure for collaboration between research groups, online peer-
reviewed journals and workflow management, and digital repositories—provide 
increased visibility for the member schools and their scholarly output, and seek to 
leverage the economies of scale inherent in collaborative partnerships.  
 
Besides production services in the support of scholarly activities, TDL’s second focus is 
to encourage innovation in education and knowledge sharing throughout the state.  
Several TDL projects fall under this “research and development” heading, such as 
TDL’s continued support of the Manakin interface framework in DSpace (Phillips 
2007), the development of a statewide preservation network, and the Texas ETD 
Repository and its associated technologies (Mikeal 2007).  Each of these initiatives 
directly addresses one of TDL’s central responsibilities: the creation, curation, or 
preservation of digital scholarly information. 
 
ETDs in the Texas Digital Library 
 
One of the earliest initiatives of the Texas Digital Library was a federated collection of 
ETDs from several of its member schools.  The collection began with contributions 
from Texas A&M University and the University of Texas at Austin and has been 
steadily adding contributors.  The university systems of the four active participants in 
the ETD Repository project comprise more than 40 campuses, nearly 400,000 students, 
and 130,000 faculty and staff. The University of Texas alone processes nearly 1,400 
ETDs every semester.  Hence, the growth potential of the Texas ETD collection is 
significant.  
 
The size and diversity of this collection soon introduced challenges of inconsistent 
metadata and differences in storage and access methods, making it difficult to offer 
effective tools and services across the collection.  These challenges influenced the 
decision to create a state-wide system for managing the entire life-cycle of ETDs, from 
the point of ingestion in a centralized student submission interface, through the 
iterative and distributed verification process with the graduate schools, to the final 
publication in the TDL Repository.  Pooling resources for such a project fell squarely 
within TDL’s stated purpose; members would see both technical and economic benefits 
from such an arrangement.  
 
In preparation for this centralized system, TDL conducted a series of surveys to 
ascertain the policies regarding ETDs across the state. It was discovered that the level 
of engagement with ETDs varied widely, even within current TDL member 
institutions.  Some of the larger schools—such as Texas A&M University and the 
University of Texas at Austin—were using sophisticated electronic submission and 
  
management systems (a modified ETD_db system at Texas A&M University, and the 
ETD Administrator from Proquest at The University of Texas).  Others accepted ETDs, 
but had no infrastructure in place to handle submission or management.  Some had no 
engagement with ETDs whatsoever, and were still operating completely within a 
paper model.  Additionally, some schools maintained centralized offices that managed 
ETD policy and approval; others relegated this responsibility down to the college or 
even department level.  It became clear that any successful system would have to 
address significant technical and policy challenges. 
 
 
Implementation 
 
The Texas ETD Repository project is a large effort that spans multiple separate 
initiatives, each of which are nominally independent, but interact in such a way as to 
support the overall task of managing ETDs in Texas. Metadata, identity management, 
repository interfaces, submission workflows, and data preservation each constitute 
significant projects in their own right, and these responsibilities are delegated to 
various groups within TDL. 
 
Metadata Profile 
 
ETDs became a focus very early in the organization of TDL, as the two largest member 
institutions already had working ETD repositories, and were publishing their ETDs 
independently. To facilitate a federated collection, these early members agreed upon a 
common metadata standard, expressed as a MODS XML profile (Surratt 2006).  
 
In 2008, the TDL Metadata Working Group revisited this model, and made minor 
updates necessary to bring the published standard into compliance with current TDL 
practices. Additionally, they produced a crosswalk document that specifies how the 
more specific and granular MODS data should be converted into standard Dublin Core 
and ETD-MS for sharing over protocols such as OAI-PMH (Rushing 2008).  NDLTD’s 
ETD-MS format was specifically addressed because TDL has made interoperability 
with the NDLTD repository a priority.  Engagement with national and international 
efforts increases the visibility of regional repositories like TDL’s and helps build the 
content available in the larger repository, increasing its usefulness to all participants. 
 
Shibboleth 
 
Any web application that deals with personal information will be dealing with 
authentication and identity management. In an educational setting, these aspects of the 
application are critical, and regulated by federal laws governing the security and 
release of student’s personal information (Gilley 2006).  Building a system that spans 
over 15 individual campuses—each with independent authentication systems and 
mechanisms—adds additional layers of difficulty.  Based on the anticipated number of 
students ultimately using the system, creating new, single-use identities managed by 
TDL is neither desirable nor scalable.  Additionally, that solution fails to address the 
need to securely obtain data about the student from the home institution. 
 
Shibboleth is an open-source middleware application for providing identity 
management in a distributed environment (Shibboleth 2008).  In support of its 
scholarly services, TDL established the first state-wide Shibboleth federation in Texas.  
Under this infrastructure, TDL is a service provider that relies on each school to be an 
  
identity provider, so that students authenticate via a familiar interface they know and 
trust.  Once the student is authenticated, certain attributes—such as their school and 
department, official name and address—are securely sent directly from the home 
institution to TDL servers.  This mechanism allows TDL to offload the tasks of identity 
management and federal compliance to experts at each institution. 
 
The ETD Submittal application leverages this attribute data to pre-fill many of the 
questions normally asked of the student during the submittal process. By deferring to 
the data provided by the institution, we can eliminate many common data entry errors, 
and prevent data duplication caused by alternate spellings, typos, and other mistakes.  
Of course, because of the resources available to the different institutions within the 
federation, not every school will be able to provide the same quantity or quality of 
attributes.  In these cases, the submittal system simply “unlocks” the field and asks the 
student to type in the value, relying on verification by the graduate school staff to catch 
any errors. 
 
Manakin 
 
In April 2008, the DSpace community released version 1.5 of the popular digital 
repository platform.  It included a new user-level interface to the repository: Manakin, 
an XML-based interface framework built on the Apache Cocoon platform.  Texas A&M 
University and TDL were the primary contributors to this project (Phillips 2007).  
Manakin provides the ability to easily modify the look-and-feel of individual 
repository collections and a clean, modular way to introduce new functionality into the 
repository.   
 
Manakin uses two primary mechanisms to enable customization of the repository: 
themes that modify the interface look-and-feel in a hierarchical manner, cascading 
down from communities to collections to individual items; and aspects that act as a 
plug-in architecture for introducing new functionality or behavior to the repository.  
TDL has used Manakin since before the official 1.5 release, and uses a customized 
theme to extend the TDL web presence into the repository space (Phillips 2007a). An 
aspect is used to cleanly add customized search and filter capabilities into the ETD 
collection without modifying base repository code.  
 
Preservation Network 
 
A core component of TDL’s mission, data preservation occupies an important place in 
the long-term plans of TDL services.  While still in the early stages of development, 
TDL is currently investing in a state-wide, distributed preservation network.  The 
central components of this project are geographically distributed storage nodes, 
migration of supported formats to preserve material access, and de-coupling the 
mechanics of the network from the services that rely upon it.  As TDL is an entity that 
deals primarily with digital assets, creating a strategy to ensure their long-term storage 
and accessibility is a primary concern.  The ETD Repository will be one of the first 
services integrated with the preservation network. 
 
Submittal and Management Workflow 
 
A central project necessary to realize the ETD Repository as described above is the 
creation of a web application to handle the student submittal process and the iterative 
verification workflow that happens prior to document approval and publication.  This 
application is implemented as a Manakin application called Vireo.  Leveraging 
  
Manakin’s ability to modularize functionality enhancements, Vireo consists of a paired 
aspect and theme.  The aspect adds the functionality necessary to implement the 
customized submittal process and the iterative review and approval workflow for the 
staff members, and the theme applies the tightly coupled look-and-feel that provides 
numerous “Web 2.0”-style interface behaviors.  
 
As mentioned above, each of the various ETD projects interact to varying degrees.  
Most significantly, each other project affects the development of Vireo by providing a 
base set of technologies or standards upon which Vireo depends. The TDL MODS 
profile is the authoritative metadata standard for the internal data storage, and a 
MODS XML document is written into the DSpace item as a new bitstream when the 
item is moved into a Published state.  Shibboleth allows Vireo to scale up to a state-
wide system without adding the complexity of identity management, and provides 
authentication and a secure method to transmit user attributes between systems.  This 
also improves the quality of the metadata in the repository, since reducing the amount 
of manual data entry eliminates potential fail points in the software.  
 
Finally, Manakin is the application framework on which Vireo is built, and its modular 
design allows Vireo to be added to an existing DSpace repository without affecting 
existing functionality or data. In a sense, Vireo can be thought of as a highly 
customized workflow extension on top of a DSpace repository, which means that any 
existing publication and dissemination features of DSpace are also available in Vireo, 
such as an OAI-PMH interface.  Vireo extends the default feature set of DSpace to 
create a complete solution for ETD management: point of submission, approval 
workflow, and publication. 
 
 
Development 
 
Because Vireo handles very different workflows for two completely different 
audiences, it required two unique interfaces: one for students, and another for the 
administrative staff in the university graduate schools.  In many ways, Vireo is two 
applications that share the same underlying data, each modifying that data in different 
ways, according to differing rules.  The student submittal interface will be used by 
thousands of students each semester, all from various cultures and backgrounds, each 
with differing levels of comfort regarding technology.  In almost all cases, this interface 
will only be used by a particular individual once, and that person will never return to 
the interface again.  The student submittal application is a novice interface, as each user 
approaches the interface fresh, and remains inexpert throughout the short time he 
interacts with it, not staying in the interface long enough to develop expertise 
(Schneiderman 1997). 
 
The administrative workflow interface is a canonical example of an expert interface.  It 
will be used by only a handful of users at each institution, and most of these users will 
interact with the interface for several hours each day, as it will be integral to their job.  
It performs a highly complex set of tasks, and seeks to optimize for staff time and 
efficiency over user-friendliness.  The set of users is always known, and the technology 
platforms are relatively controlled.  In order to provide an interface that will maximize 
the available screen space and make repetitive tasks easy, we can rely on the fact that 
training is available, and that complex interface concepts can become familiar over 
time. 
 
  
Student Submittal Interface 
 
The student submittal interface was approached using the multiple step “wizard” 
paradigm familiar to users of modern graphical operating systems such as Windows or 
OS X (Weile 2000).  The number of steps was set at five, with the last step comprising a 
recap of all previously requested data.  A large progress bar dominates the top of the 
screen, signifying the stage of the submission.  The goal was to make it obvious to the 
student at a glance where they are in the process and how much work is remaining 
(see Figure 1).   
Since many students tend to submit their manuscripts very close to the deadline for a 
given semester, and since the submission of this manuscript is critical to their degree 
Figure 1: Screen capture of student submittal interface 
  
(and career), they are frequently under a significant amount of stress.  It is critical that 
the interface be as straightforward and intuitive as possible and conform to as many of 
the expected conventions of web applications as possible.  This application is not an 
appropriate venue to force students to learn a “creative” interface widget.  Finally, help 
text was integrated directly into the interface, as user testing indicated that students 
are not likely to read external documentation. 
 
Staff Administrative Interface 
 
The administrative interface was approached using the “job queue” paradigm. The 
basic screen shows an unfiltered list of all submissions in the system, sorted by 
submission date (see Figure 2).  There is a list of filters available to the left of the list, 
which provides for a faceted browsing experience, allowing the staff member to create 
a customized query that shows exactly the set of submissions most amenable to 
performing her job at the moment.  Staff users are granted significant control over their 
environment, with the option of showing or hiding the filters that appear on the left, 
and even which columns appear in the main listing. 
 
Selecting an individual submission from the list takes the user to the detail view.  All 
aspects of the submission are editable, and every action taken within the system is 
written to an secure log that stays with the submission permanently.  The user can 
assign the application to himself, to indicate to others that it is being worked on, and 
Figure 2: Screen capture of staff administrative interface 
  
can release it for others to acquire.  Notes and files can be attached to the submission, 
and feedback or changes to the manuscript can be requested of the student.  The state 
of the submission can be changed according to the “standard” workflow provided by 
Vireo, or the submission can be set directly to any state that is possible.   
 
In all respects, Vireo assumes that the greatest amount of knowledge in the system 
resides in the graduate school staff, and does not try to “protect” them from making 
potentially dangerous changes.  A good example of this principle is seen in the 
transitions from one state to another.  The typical workflow that Vireo supports is 
represented in Appendix A, where each rounded rectangle represents a potential state 
that a submission can pass through en route to publication.  The administrative 
interface makes walking a manuscript through this workflow easy; the next potential 
state or set of states is available as a simple button in a dialog box.  However, there are 
times that a staff member may need to bypass the typical state transitions and move 
the manuscript directly into a particular state, such as Published.  In this case, Vireo 
will allow the staff member to jump directly to almost any state from any other state 
(Cancelled and Deleted are special cases). 
 
 
Deployment  
 
As with any project of this magnitude, there are issues of scale that must be managed.  
In the case of the Texas ETD Repository, the scalability concerns cross several axes: 
there is geographic scale, since TDL member schools are distributed across an area 
nearly the size of France and Germany combined; the submitted application and 
repository must scale to handle thousands of simultaneous requests and submissions; 
the workflow model must be flexible enough to accommodate the differences in policy 
and procedure at many different institutions; and the interface must be accessible to a 
wide cross-section of students from various cultural and educational backgrounds. 
 
Accessibility & Usability Testing 
 
Web applications developed by state entities in Texas are required to meet various 
guidelines from both state and federal agencies that dictate accessibility compliance.  
Bringing Vireo into compliance with these guidelines ensured that students using 
alternative browsers or screen-readers would still be able to utilize the system.  Formal 
accessibility testing was contracted early in spring of 2008, and the results of the testing 
incorporated back into every revision of the interface since that time. 
 
Although accessibility guidelines ensure a level of access to the application itself, the 
system’s usability will determine its success in serving the students of TDL member 
schools.  To that end, formal usability testing was conducted for the student submittal 
interface in February of 2008.  Two rounds of test subject were scheduled, one with 
native English speakers, and the other with non-native English speakers.  All 
participants were graduate students at Texas A&M University nearing their degree 
completion.  The results of the tests were overwhelmingly positive, with only a few 
students experiencing uncertainty regarding the submittal process.  Feedback was 
gathered on interface design—from on-screen instructions to language choices—and 
that feedback (mostly language changes to reduce ambiguity) has been incorporated 
into the interface. 
 
 
  
Live-data Demonstrator 
 
Staff members in the graduate schools of Texas A&M University and The University of 
Texas have been involved in the development process since fall of 2007.  Their 
feedback was gathered periodically throughout the development phase, and many of 
their suggestions have been incorporated into the current version of the software.  In 
order to assess the performance of the system in a production environment, a 
demonstrator version of the application was deployed for those two schools in spring 
of 2008.  A number of students were asked to use this system to submit their 
manuscripts rather than the published methods.  The staff then used the new 
management interface to completely process and approve the submissions.  This 
exercise produced valuable feedback and exposed some potential complications in the 
workflow model, which were subsequently addressed in the development cycle.  
 
Because the ETD submission and approval process is a mission-critical service for 
university graduate schools, the transition to a new system must be handled with care.  
TDL has adopted a phased rollout to the member schools, starting with the two largest 
schools in the consortium, Texas A&M University and The University of Texas.  The 
demonstrator run in the spring will be repeated in the summer and fall, each time with 
larger segments of the student population: several departments for the summer, and 
several colleges for the fall.  In the spring 2009 semester, these two schools can make 
the switch from their existing systems completely, and will be fully hosted on the TDL 
service.  Also in spring 2009, Texas Tech University will begin its own demonstrator 
exercise, and will follow a similar pattern for gradually expanding to a production 
system.  New schools will be added in a staggered manner, ensuring that any 
emergent scalability concerns can be met as they arise. 
 
Addressing Scalability & Performance 
 
Throughout the summer of 2008, a series of scalability tests will be conducted to assess 
the capabilities of the hardware, network infrastructure, repository technology, and 
Vireo software.  Any serious performance bottlenecks will be identified and resources 
allocated to resolve them according to their severity.  In early fall, a state-wide load test 
will be coordinated, with participants from TDL member schools spread across the 
state participating in order to test real-world performance prior to the first full rollout 
in the following spring. 
 
 
Conclusion 
 
Since the beginning of the ETD Repository project, the scope and complexity of the 
requirements have grown considerably.  The demonstrator version deployed to Texas 
A&M University and The University of Texas has been instrumental in exposing 
overlooked assumptions and technical challenges that went undetected during the 
development process.  In many cases, the assumptions were policy-related as often as 
they were technical.  Even with iterative feedback from graduate school staff, the 
nature of the data used during a live exercise was different enough that unanticipated 
issues were encountered.  This process was necessary to ensure the stability and 
trustworthiness of the final system. 
 
The Texas Digital Library has been an active participant in the open source community 
since its inception and remains committed to the philosophical perspective of the free 
  
software movement.  In that spirit, once documentation and testing is completed for 
the initial release cycle, Vireo will be released under an open source license, including 
all generic documentation and training materials produced.  Under the current 
timeline, this places the open source release in summer of 2009. 
 
This project is made possible by a grant from the United States Institute of Museum 
and Library Services (LG-05-07-0095-07).  The Institute for Museum and Library 
Services is the primary source of federal support for the nation’s 122,000 libraries and 
17,500 museums.  The Institute’s mission is to create strong libraries and museums that 
connect people to information and ideas. 
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Appendix A: Vireo state flow diagram 
 
 
 
